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(54) ION ANALYZING APPARATUS

(67)  Provided is anion analyzer characterized by: an
ionization chamber (10) to be maintained at atmospheric
pressure; an analysis chamber (11) for analyzing an ion
generated in the ionization chamber (10); a vacuum
pump (15, 16) for evacuating the inside of the analysis
chamber (11); a capillary (102) for allowing the ionization
chamber (10) and the analysis chamber (11) to commu-

nicate with each other; a conductance changer (103, 104)
for changing the conductance of the capillary (102); and
a controller (20) for operating the conductance changer
(103, 104) in such a manner as to decrease the conduct-
ance of the capillary (102) when the degree of vacuum
in the analysis chamber (11) is lower than a predeter-
mined degree of vacuum.
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Description
TECHNICAL FIELD

[0001] Thepresentinventionrelatesto anionanalyzer,
such as a mass spectrometer, including an ionization
chamber which is used at atmospheric pressure and an
analysis chamber in which an ion generated in the ioni-
zation chamber is analyzed under vacuum, with the anal-
ysis chamber communicating with the ionization cham-
ber through a capillary.

BACKGROUND ART

[0002] Ion sources used in mass spectrometers can
be divided into two major types: an ion source which ion-
izes a sample under atmospheric pressure (atmospheric
pressure ion source), and an ion source which ionizes a
sample under vacuum. Atmospheric pressure ion sourc-
es have been popularly used since they do not require
the task of evacuating the ionization chamber and is
therefore easy to handle.

[0003] Fig. 1 shows a schematic configuration of a
mass spectrometer having an atmospheric pressure ion
source 501. This mass spectrometer includes an ioniza-
tion chamber 50 which is maintained at atmospheric
pressure and an analysis chamber 51 which communi-
cates with the ionization chamber 50 through a capillary
502 and yet should be maintained in a vacuum state. The
analysis chamber 51 has the configuration of a multi-
stage differential pumping system which includes a first
intermediate vacuum chamber 52 maintained in a low-
vacuum state by a rotary pump, as well as a second in-
termediate vacuum chamber 53 and a mass spectrom-
etry chamber 54 maintained in a high-vacuum state by
a turbo molecular pump, with the degree of vacuum in-
creased in a stepwise manner toward the rear side (for
example, see Patent Literature 1).

CITATION LIST
PATENT LITERATURE
[0004]
Patent Literature 1: JP 2015-198014 A
Patent Literature 2: JP 2015-49077 A
Patent Literature 3: JP 4816426 B
SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0005] Before the mass spectrometer is started up, the
analysis chamber 51 is open to the atmosphere. In order
to make the transition from this state to a state in which

mass spectrometry can be performed, it is necessary to
evacuate the inside of the analysis chamber 51 with a
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vacuum pump until a desired degree of vacuum is
achieved within the analysis chamber 51. The operation
of evacuating the analysis chamber 51 from the atmos-
pheric state causes a greater amount of load on the vac-
uum pump than the operation of maintaining the degree
of vacuum in the analysis chamber 51 which has
achieved the desired degree of vacuum. The longer the
evacuation time is, the shorter the life of the vacuum
pump becomes, and the higher the cost for the replace-
ment or repair becomes.

[0006] Although a massspectrometeris used as a spe-
cific example in the previous description, the problem
that anincrease in the period of time of a high-load evac-
uating operation shortens the life of a vacuum pump and
increases the cost for the replacement or repair can sim-
ilarly occur in other types of ion analyzers, such as an
ion mobility spectrometer, including an ionization cham-
ber which has an atmospheric pressure ion source and
an analysis chamber in which an ion generated in the
ionization chamber is analyzed under vacuum, with the
analysis chamber communicating with the ionization
chamber through a capillary, as with the mass spectrom-
eter.

[0007] The problem to be solved by the present inven-
tion is to reduce the load on the vacuum pump used for
evacuating the analysis chamber in an ion analyzer in-
cluding an ionization chamber which is used at atmos-
pheric pressure and an analysis chamber in which anion
generated in the ionization chamber is analyzed under
vacuum, with the analysis chamber communicating with
the ionization chamber through a capillary.

SOLUTION TO PROBLEM

[0008] The ion analyzer according to the present in-
vention developed for solving the previously described
problem includes:

a) an ionization chamber to be maintained at atmos-
pheric pressure;

b) an analysis chamber configured to analyze an ion
generated in the ionization chamber;

c) a vacuum pump configured to evacuate the inside
of the analysis chamber;

d) a capillary configured to allow the ionization cham-
ber and the analysis chamber to communicate with
each other;

e) a conductance changer configured to change the
conductance of the capillary; and

f) a controller configured to operate the conductance
changer in such a manner as to decrease the con-
ductance ofthe capillary when the degree of vacuum
in the analysis chamber is lower than a predeter-
mined degree of vacuum.

[0009] The ion analyzer according to the present in-
vention includes a conductance changer configured to
change the conductance of the capillary, and a controller
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configured to operate the conductance changer in such
amanner as to decrease the conductance of the capillary
when the degree of vacuum in the analysis chamber is
lower than a predetermined degree of vacuum. Accord-
ingly, for example, during the startup process of the ion
analyzer, the conductance of the capillary can be de-
creased (the resistance of the capillary can be increased)
by the conductance changer to reduce the amount of air
flowing from the ionization chamber into the analysis
chamber so as to shorten the evacuation time of the vac-
uum pump and reduce the load on the pump.

[0010] The conductance changer can be embodied
based on the following idea:

With D (m) denoting the inner diameter of the capillary,
L (m) denoting the length of the capillary, and P (Pa)
denoting the pressure difference between the inlet and
outlet ends of the capillary, the conductance C (m3/s) of
the capillary (the degree of ease of the flow of gas with
viscosity coefficient n) is expressed by Knudsen'’s ap-
proximate equation as follows:

[0011] Equation (1) demonstrates that conductance C
can be decreased by increasing the viscosity coefficient
n of the gas. In the case of air, heating the air from 20 to
300 degrees Celsius increases its viscosity coefficient 1
to 1.6 times, which decreases the conductance by ap-
proximately 40%.

[0012] Accordingly, for example, a heating mechanism
for heating the capillary can be used as the conductance
changer. With this mechanism, the air flowing through
the capillary can be heated to decrease the conductance
of the capillary.

[0013] After the desired degree of vacuum has been
achieved within the analysis chamber, when an analysis
of ions is performed, the heating of the capillary can be
discontinued to increase the conductance and enhance
the efficiency of the introduction of the sample.

[0014] If the ion analyzer includes an atmospheric
pressure ion source for ionizing a liquid sample (such as
an ESI probe or APCI probe), it is possible to use, as the
conductance changer, a heating-gas supply mechanism
which supplies, into the ionization chamber, a heating
gas for desorbing solvent molecules from electrically
charged droplets originating from the liquid sample. Such
a mechanism is normally included in an atmospheric
pressure ion source. This heating gas is usually sprayed
onto the charged particles only in the process of ionizing
a target sample. In one mode of the ion analyzer accord-
ing to the present invention, this heating gas is used in
the startup process of the ion analyzer. For example,
consider the case of supplying a heating gas of 400 de-
grees Celsius into the ionization chamber. Although this
gas is slightly cooled within the ionization chamber (e.g.
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to approximately 300 degrees Celsius), the gas flowing
into the capillary has a higher degree of viscosity than
the same gas at room temperature, whereby the con-
ductance is decreased. In this manner, an existing com-
ponent of the device can be utilized for changing the con-
ductance.

ADVANTAGEOUS EFFECTS OF THE INVENTION

[0015] With the ion analyzer according to the present
invention, the load on the vacuum pump used for evac-
uating the analysis chamber in the ion analyzer can be
reduced.

BRIEF DESCRIPTION OF DRAWINGS
[0016]

Fig. 1 is a configuration diagram of the main compo-
nents of a mass spectrometer.

Fig. 2 is a configuration diagram of the main compo-
nents of an interface section in one embodiment of
a mass spectrometer according the present inven-
tion.

Fig. 3 is a configuration diagram of the main compo-
nents of an interface section in another embodiment
of amass spectrometer according the presentinven-
tion.

Fig. 4 is a graph showing the correlation between
the temperature of the capillary and the degree of
vacuum of the first intermediate vacuum chamber.

DESCRIPTION OF EMBODIMENTS

[0017] A mass spectrometer as one embodiment of
the ion analyzer according to the present invention is
hereinafter described with reference to the drawings. The
configuration of the rear section of the analysis chamber
11 in the present embodiment is the same as in the con-
ventional mass spectrometer described earlier with ref-
erence to Fig. 1. Accordingly, the rear section is omitted
from Fig. 2 which shows an enlarged view of an interface
section (the ionization chamber 10 and the front section
of the analysis chamber 11) which is the characteristic
section of the present embodiment. An operation of this
section is hereinafter described.

[0018] The mass spectrometer in the present embod-
iment includes an ionization chamber 10 maintained at
substantially atmospheric pressure and an analysis
chamber 11 evacuated by vacuum pumps. The analysis
chamber 11 has the configuration of a multistage differ-
ential pumping system including a first intermediate vac-
uum chamber 12, second intermediate vacuum chamber
13 and mass spectrometry chamber (not shown) ar-
ranged in the mentioned order from the ionization cham-
ber 10, with their degrees of vacuum increased in a step-
wise manner in the same order.

[0019] The first intermediate vacuum chamber 12 is
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maintained in a low-vacuum state by being evacuated
by a rotary pump (RP). The ionization chamber 10 is pro-
vided with an ESI (electrospray ionization) probe 101,
which is an atmospheric pressure ion source for ionizing
a liquid sample, and a heating-gas supply tube 103. The
ionization chamber 10 communicates with the first inter-
mediate vacuum chamber 12 through a capillary 102 with
a small diameter. A liquid sample introduced into the ESI
probe 101 is given electric charges as well as atomized
by nebulizer gas, to be sprayed into the ionization cham-
ber 10 in the form of fine charged droplets. The charged
droplets sprayed into the ionization chamber 10 are
drawn into the first intermediate vacuum chamber 12 due
to the pressure difference between the ionization cham-
ber 10 at atmospheric pressure and the firstintermediate
vacuum chamber 12 in the low-vacuum state. The heat-
ing-gas supply tube 103 is a tube for supplying a heating
gas from the heating-gas source 104 into the ionization
chamber 10. This gas causes the desorption of the sol-
vent molecules from the charged droplets moving from
the ESI probe 101 toward the inlet of the capillary 102.
[0020] The first intermediate vacuum chamber 12 is
separated from the second intermediate vacuum cham-
ber 13 by a skimmer 22 having a small hole at its apex.
The first and second intermediate vacuum chambers 12
and 13 respectively contain ion guides 121 and 131 for
transporting ions to the subsequent stage while converg-
ing those ions. The second intermediate vacuum cham-
ber 13 and the mass spectrometry chamber (not shown)
are maintained in a high-vacuum state by a turbo molec-
ular pump (TMP) 16.

[0021] The operations of the previously described sec-
tions are controlled by a controller 20. Among the control
operations by the controller 20, the control of the startup
process which is characteristic of the present embodi-
ment is hereinafter described.

[0022] Before the mass spectrometer is started up, the
ionization chamber 10 and the analysis chamber 11 are
open to the atmosphere. Accordingly, in order to make
the transition to a state in which mass spectrometry can
be performed, the analysis chamber 11 should initially
be evacuated. The evacuation of the analysis chamber
11 is achieved by initially evacuating the analysis cham-
ber 11 to a low-vacuum state by the rotary pump 15 con-
nected to the first intermediate vacuum chamber 12, and
subsequently evacuating the second intermediate vacu-
um chamber 13 and the mass spectrometry chamber to
a high-vacuum state by the turbo molecular pump 16.
[0023] In parallel with the startup of the rotary pump
15, the controller 20 of the mass spectrometer in the
present embodiment initiates the supply of an inert gas
(e.g. nitrogen gas) heated to approximately 400 degrees
Celsius from the heating-gas source 104. This gas is sup-
plied through the heating-gas supply tube 103 into the
ionization chamber 10. Although the heating gas supplied
into the ionization chamber 10 is slightly cooled within
the ionization chamber 10 (e.g. to 300 degrees Celsius),
the gas flowing from the ionization chamber 10 into the
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capillary 102 has a higher degree of viscosity than the
same gas at room temperature, whereby the conduct-
ance is decreased. The heating of the capillary 102 does
not need to be initiated at exactly the same time as the
startup of the rotary pump 15. A slight difference in time
is permissible.

[0024] When the evacuation of the analysis chamber
11 is initiated, a pressure difference occurs between the
ionization chamber 10 maintained at atmospheric pres-
sure and the analysis chamber 11. Consequently, a flow
of air is generated from the ionization chamber 10 into
the first intermediate vacuum chamber 12 through the
capillary 102. The conductance of the capillary 102 is
expressed by the following equation (1):

[0025] In the mass spectrometer according to the
present embodiment, since the capillary 102 is heated in
parallel with the startup of the rotary pump 15, the air in
the vicinity of the capillary 102 as well as the air passing
through the capillary 102 are also heated. For example,
ifthe airis heated from 20 degrees Celsius to 300 degrees
Celsius, its viscosity coefficient increases to 1.6 times.
Equation (1) demonstrates that this increase in the vis-
cosity coefficient decreases the conductance to approx-
imately 0.63 times, which causes a corresponding de-
crease in the amount of air flowing from the ionization
chamber 10 into the first intermediate vacuum chamber
12 through the capillary 102. In the mass spectrometer
according to the present embodiment, the amount of air
flowing into the first intermediate vacuum chamber 12 is
decreased in this manner, and the period of time for evac-
uating the analysis chamber 11 is thereby shortened.
Consequently, the load on the rotary pump 15 is reduced.
[0026] After the analysis chamber 11 has been evac-
uated to a predetermined degree of vacuum by the rotary
pump 15, the second intermediate vacuum chamber 13
and the mass spectrometry chamber are evacuated by
the turbo molecular pump 16. This operation is also per-
formed with the reduced amount of air flowing from the
ionization chamber 10 through the first intermediate vac-
uum chamber 12 into the second intermediate vacuum
chamber 13. Therefore, the period of time for evacuating
the second intermediate vacuum chamber 13 and the
mass spectrometry chamber to a predetermined degree
of vacuum (high vacuum) by the turbo molecular pump
16 is shortened. Consequently, the load on the turbo mo-
lecular pump 16 is also reduced.

[0027] Thus, in the mass spectrometer according to
the present embodiment, the load on both the rotary
pump 15 and the turbo molecular pump 16 provided for
evacuating the analysis chamber 11 is reduced. There-
fore, the life of those pumps will be longer, and the running
cost of the device will be lower. Furthermore, in the mass
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spectrometer according to the present embodiment, a
heating-gas supply mechanism including the heating-
gas supply tube 103 and the heating-gas source 104
which have conventionally been used for ionizing a liquid
sample (i.e. which have been used only during an anal-
ysis of a real sample) is utilized as the conductance
changer in the startup process of the mass spectrometer.
Therefore, the device can be inexpensively constructed
without requiring any special componentto be newly add-
ed.

[0028] Although the previous embodiment is con-
cerned with the case of a mass spectrometer including
an ESI probe 101 for ionizing a liquid sample under at-
mospheric pressure, a mass spectrometer including an
APCI (atmospheric pressure chemical ionization) probe
can also be configured as in the previous embodiment.
Additionally, although the previous embodiment is con-
cerned with the case of a device in which the ESI probe
101 and the heating-gas supply mechanism are separat-
ed from each other, the present invention can also be
applied in a device including the heating-gas supply tube
disposed around the ESI probe 101 in an integrated fash-
ion (for example, see Patent Literature 2).

[0029] Some types of ion sources do not have a heat-
ing-gas supply tube 103. In such a case, the previously
described effect can similarly be obtained by providing a
heating mechanism for directly heating the capillary 102.
Needless to say, such a heating mechanism may addi-
tionally be introduced into a mass spectrometer having
the heating-gas supply tube 103.

[0030] For example, as shown in Fig. 3, the heating
mechanism may include a heater 106 wound around the
capillary 102 and a power source 105 for supplying elec-
tric current to the heater 106. A configuration described
in Patent Literature 3 may also be used to heat the cap-
illary. Any of these mechanisms may preferably employ
a temperature sensor to allow for the measurement of
the temperature of the capillary 102.

[0031] The correlation between the temperature of the
capillary 102 and the degree of vacuum in the first inter-
mediate vacuum chamber 12 has been experimentally
investigated to confirm the effect obtained by the config-
uration ofthe previous embodiment. The measured result
is shown in Fig. 4. Fig. 4 graphically shows the relative
pressure in the first intermediate vacuum chamber 12 at
each temperature, where the pressure observed when
the temperature of the capillary 102 was 20 degrees Cel-
sius is defined as 100 (%). It can be understood from Fig.
4 that the pressure in the first vacuum chamber becomes
lower (and the degree of vacuum becomes higher) with
an increase in the temperature of the capillary 102.
[0032] The previous embodiment is a mere example
of the present invention and can be appropriately
changed without departing from the spirit of the present
invention. Although the previous embodiment is con-
cerned with a mass spectrometer, a similar configuration
to the previous embodiment can also be applied in an
ion mobility spectrometer or other types of analyzers
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which uses an atmospheric ionization chamber and an
evacuated analysis chamber communicating with each
other.

[0033] The previous embodimentis concerned withthe
case of heating the capillary 102 in the startup process
of the mass spectrometer (by increasing the temperature
of the capillary 102 with an inflow of the heating gas, or
by directly heating the capillary). The operation of heating
the capillary 102 to decrease the amount of air flowing
from the ionization chamber 10 into the analysis chamber
11 may also be performed when the evacuation capacity
has lowered in the middle of an analysis of a real sample
due to a problem with the rotary pump 15 or turbo mo-
lecular pump 16 (i.e. when the degree of vacuum in the
analysis chamber 11 has become lower than a predeter-
mined degree of vacuum). By this operation, the degree
of vacuum in the analysis chamber 11 is prevented rapid
deterioration, and a certain degree of vacuum is main-
tained until the completion of the ongoing analysis.
[0034] In the previous embodiment, the conductance
of the capillary 102 is decreased by lowering the viscosity
coefficient n of the air by heating the capillary 102. Other
methods may be used to decrease the conductance of
the capillary 102. As a specific example, an expandable
capillary may be used, in which case the conductance
can be decreased by increasing the length L of the cap-
illary 102 when the degree of vacuum in the analysis
chamber 11 is lower than a predetermined degree of vac-
uum (e.g. during the startup process of the mass spec-
trometer). A capillary 102 with a variable inner diameter
may also be used, in which case the conductance can
be decreased by decreasing the inner diameter of the
capillary 102 when the degree of vacuum in the analysis
chamber 11 is lower than a predetermined degree of vac-
uum.

REFERENCE SIGNS LIST
[0035]

10... lonization Chamber

101... ESI Probe

102... Capillary

103... Heating-Gas Supply Tube
104... Heating-Gas Source
105... Power Source

106... Heater

107... Temperature Sensor

11... Analysis Chamber
12... First Intermediate Vacuum Chamber
121... lon Guide
13... Second Intermediate Vacuum Chamber

131... lon Guide
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15... Rotary Pump
16... Turbo Molecular Pump

20... Controller

Claims

1.

An ion analyzer, comprising:

a) an ionization chamber to be maintained at
atmospheric pressure;

b) an analysis chamber configured to analyze
an ion generated in the ionization chamber;

c) a vacuum pump configured to evacuate an
inside of the analysis chamber;

d) a capillary configured to allow the ionization
chamber and the analysis chamber to commu-
nicate with each other;

e) a conductance changer configured to change
a conductance of the capillary; and

f) a controller configured to operate the conduct-
ance changer in such a manner as to decrease
the conductance of the capillary when a degree
of vacuum in the analysis chamber is lower than
a predetermined degree of vacuum.

The ion analyzer according to claim 1, wherein the
controller is configured to operate the conductance
changer to decrease the conductance ofthe capillary
while the analysis chamber is evacuated from at-
mospheric pressure to a predetermined degree of
vacuum.

The ion analyzer according to claim 1, wherein the
conductance changer is a heating mechanism for
heating the capillary.

The ion analyzer according to claim 1, wherein the
conductance changer is a heating-gas supply mech-
anism for supplying a heating gas into the ionization
chamber.
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